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hand calculations of the resdar range equation. The techniques described
cover the conventional geometric aspects cf the radar equetions &8s well
as the effects of rsin clutter, rain attenuation, atmospheric attenuation,
sea and land clutter, and pulse integration for both conventional pulse
and chirp rada», The report is designe  be complete within itself,
requiring no further texts, tables, references or slide rules.
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ASSTRACT

This report provides a work form and rationaie to perform
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I. INTRODUCTION {
a i
) In the evaluaticn of the detection performance of & raday :
{ . system, it is necessary to use the radar ejuation in ocne of ite many 3
“ forme. Unfortw.ately the mixture of units and the celculation of gy
clutter effects defy convenient msnipulation, However, with certain ‘
3‘ simplifying assumptions and limitations, one can develop equations
Py whica can ve used convenlently by hand. The calculation techaiques
| in this report cover the effects of rain clutter, rain attenuation,
atmospheric attenuatior, sea clutter, lsnd clutter and palse inte-
{ gration as well as the conventional geometric aspects.
by The limiting assumptions are: the depression {or elevation)
: {_ angle must be less than 10°, the slant range muct be greater than
) 3 nautical miles, and the radar and target altitude should be less
‘ ;i than 10,000 feet, These limits are imposed by certain geometric
& - simplifications. Fortunately, the majority of radar appiications
o i fall well within these limitations.
| . The goal of tinls report is to allow sn evaluation to be
. i made without further reference to any aids, including charts, tebles
: or slide rule. These techniques were originally developed st BAFI
in order to more fully assess s rudar design during meetings and
‘} - conferences. ;
‘ Cther, more general techniques, as well as 8 mcre com- ; 1
plete discucsion of many of the parameters snd their effect on & ;
radar system can ba found in the following NAFI reports: "Simplified :
Radar Calculstion Techniques® FAFI TR-G17, and "Cowmputer Aided
1 Radar Design” NAFI TR-1461. ?
o |
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Most of the calculations in this report use cGecibels
to facilitate division, multiplication snd root extractlions.

Numerous gimplified tables are ircluded to estimate integration,

attenuation and clutter effects. The major radar paremeters

calculated include maximum range, integrated signal to noise,
signal to weather clutter, signal to land clutter and signal to
gea clutter ratio., These ratios may be combined to yield the
integrated signal to noise plus weather plus sea or land clutter
ratio for any specisy_ed range and target.

The celculation of the integrated signal to noise plus
clutter ratio is performed in two parts. The first part uses
Section A 1o deterinine an estimate of the maximum range without
any clutter or weather effects. The second part uses Section
E to calculate the integrated signal to noise plus clutier ratio
with clutter and weather effects at a particular range. Most
calculations are in decibels and a foldout decibel to ratio con~
version table is given in Appendix A to help the user. Section A
and section B are work forms for calculastion of maximum range and
signal “o noise plus clutter ratio, respectively.

Appendix B presents the mathematical derivaticn of the
simplified equations used in secticns A and B. Avppendix C is

an examole of the usage of the work forms.
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i II. CAICULATIONS
A. MAXIMUM RANGE ESTIMATION
g‘ 1. Single Pulse
} . db Multiply Add do
- et . 2
Farameter Value | Units Representation By Results

i Pk 2 Peak Power KW +1

’ N : Wavelength cm +2
{ op ¢ Target RCS e +1

) G s Antenna Gain dv 42

i‘ L : Losses dh —L -1

. B ¢+ Bandwidth MHzZ -1 .
.. frFo : Noise Figure ib -1

i (8/K): Signal/Noise db I -1

) Conversion Factor -30
|

Mlagumeniy
' .

Jedaries

4 db nautical miles = SUMI;R =

db

The muximum range {N miles) is obtained by multiplying the SUMhR decibel
by % and expressing this as a ratio:

2‘

Maximm Range hstimation

a. Chirp
(1.
(2).

Systems

Use peak transmitter power (as at the antenna)

Use the narrow, unchirped bandwidth

b. Antenna Gain

(1).

Ir aperture only is given, sece table ir Appendix A,
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c. Iosses

(1). Typical vslue for search radar 16 db, minimum

NAFI TR-1554

value 10 db.

(2). Iosses included are:

Ol."

m!:“ d't‘ ".F' ,dt" OL“ Bt" nL" "'bt‘ p‘t" NL—' mt" Ht"

collapsing
integration

gate or filter overlap
threshold

scan distribution
target

antenna efficiency
filter matching

post detection integration
antenna pettern
receiving losge
transmittiang loss
scanning loss

Minimum db

’.—l
o l O H I M & o O O H K O K

d. Signal to Noise Retic {S/N). Typical value: 12db.

This provides a probability of detection of about G0 percent with a

false alarm rativ of .0001.

For other values see Appendix A,
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e. Noise Figure.

NAFI TR-1554

The following table gives the minimum

noise figures thst may be expected from different types of detectors.

Actual valueg that may be erpected from equipment in the field exceed
these values by about 40 percent.

“

Noise Figure, db

TYT+ AND —
SACEWARD.WAY E—~
AMPLIFILRS

PARAMETRIC AMP (URCO!

° !

OLED)

MASERS

F SR N A 1 1

I L. tL. | 1

10

Frequency, Miz

f. PRF Limited Range

10,000 40,000

- -
Parameter Value | Units db Multiply | Add db
Representation By Resuits
PRF pulses/sec -1
Conversion Factor - = | +149,2db
Udb’ Unambiguous decibel range - db

The PRF limited range is the ratio representation of the Unambiguous

decibel range, U

db*

Therefore,

PRF Limited Range =

NM
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B. CALCULATION OF (N ¥, Ty ) RATIO

1, Preliminary Information for ( o c - Cs/L> Calculaticn

Limitations:; Radar height iess than 10,000 feet.
Target height less than 10,000 feet.
Depression engles less than 10 degrees.

Slant ranges greacser than 3 N miles

a. Slant Range, R = n miles

Radar Height, h = (100's feet)

h (100's £t
Depression angle, 6°, = -R—-fi—-iﬁ—e?)l = degrees,

b, Atmospheric Attenuation, A

db,

s ——————

A
2-way Atmospheric

5

Attenuation db
n
o

o

sagre H
LLESEEE2 3o T PR IRT Y TEE S NS SRR 2t

10 20 30 4 50 60 70 80 90 100
Slant Range (N miles)
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e i RS OSSR AT St

i

R L

PR —

%ﬂwﬁuﬁﬁ’«%ﬁwww‘ WW,_



Py

y
e a1
-

e

rea

e y EARA ¢

Zolnpd

3

ety

ka5

SCHNIY

g

N s e 5

oo x IR R . X
B T TR PRI XY st A ol v

Loty pla Rl

G OIS MOW G e BN e g pwey ey

NAFI TR-1554
¢. Rein Attenuation i
!
{1)
. db Multiply | Add
al Units
Parameter Value nt Representation By Results
Range MM +1
¢ Rain Rate ml/hr +1
: Wavelength om -2
Factor ? -1.b42
SUMR = db
(2)
. Ratio
; A
Parameter| Value { Units p--resentetion R
SUMH j db
AR’ 2~way Rein Attenuation = ____ db

bt b ¢ et

o A r———— T
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2. Calculation of (S/N)4

NAFI TR-155k

a. Single Pulse (S/N) 1

Parameter Vaiue|Units db Multiply | Add &
Representation| By Regults |
Pk ¢ Peak Power Kw +1
A : Wavelengtih cm +2
op ¢ Target RG3 e £
G : Antenns Gain 1) » 2
L : losses db -1
A : Atmospheric db » -1
Attenuation
Az i Rain Attenuation db » ~L
¥F_ : Noise Figure db -1
B : IF Bandwidth MHZ <1
R ¢ Range M -
Factor 4, -30.0
S
-— 1 ®
(N)l
b, Integration Improvement (Assuming visual PPI detection)
FRF = ___ bulses/second
AZ® = ___Gegrees
SCAN RATE degrees/second
{ 0
number of Hits/Scan, #H = -\-P—RM = Hite/Scan
(SCAN RATE)
. . t v
#H, (Hits/Scan) = | 51| 10| 15 | 20 25 30 %0 50 ’ 60
I, Integration  _ - "
Toprovecent un ab =| 6 | 84| 9.6 | 10,5 | 11.2 | 11.8 | 12.6 | 13.2 | 13.8
Integration Improvement, I = dv
¢. Integrated (S/W),
S S .
(ﬁ)i ('ﬁ)l(db)-l-mb: db
8

7
3
«
\
~
1
5
1
)
{
]
3
i
i
3

& - -
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3. Calculation of { 3§ )
w

a. Single Pulse (S/Cs)l

Parameter |Yaluelinits db Multiply Add dd
. Representation By Results
Op * Target RCS M2 +1
\ : Wavelength : cm +
W : Rain Rate mm/hr 1.6
AZ : AZ Beamwidih deg. -1
EL : EL Beamwidth deg, -1
T ¢ BPulse Length # sec -1 ‘ |
R : Range ™ -2
Factor + 4,87 @
(s/c,),= o

b, Integration Facior

Iintegration Improvement, I, from 2b. = db

¢. Pulse Compression Ratio

Pulse Compression Ratio = unitless

The Pulse Compression Factor, CR, is the
decibal representation of the unitless
Pulse Compressicn Ratlo.

Therefore, Pulse Compreesion Factor, CR = db

d. Integrated (S/C )

5 s .
('é‘u:)i'(ﬁ;)ldb+1db+cgdb' ab
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P T
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a. Clutter Reflectivity

(1). Depressiocu Angle, 8, fvom la. = deg.
Radar Band = —
Clutter Type =
Clutter Reflectivity, g_, from Clutier values Appendix A. = db,
{2). Pulse Compression Effect:
Paraneter Value ! Units Multiply Add do
By Results
oy * Clutter Reflectivity +db -1
‘L CR ¢ Trom Sec. 3c. +db -1
o (EFF), Etfective Clutter Reflectivity = db.
b. Single Pulse (g 5y,
S/L
Parameter ValuejUnits db Multiply j Add av
—_— Representation by Results
{Op ¢ Target R3S M2 +1
T : Pulse Length pgec «1
R : Range NM -1
AZ : AZ Beazmwidth deg. -1
5 (EFF): From Sec. db —i -1
Ya,
Factor » -35.35 @
Single Pulse { <> ) = @
Cn 144 1
=27
10

SNSRI -
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¢. Integrated (‘5§‘“

s/L
( == ). (from Sec. bb.) = db
Co/n 1
I {From Sec. 2b.) = db
S S
(ee— Y= (=) , +I= db
Cs/p '+ G1 t —
5. Cslculste (—}-!-—;-—C-g—-;-—(-‘—a
— w  US/L i

a. Calculate "Energy" Ratio

Parameter Value { Units | Multiply | Add Ratio
By. Represantation
(s/N) ;¢ Section 2c. db -1
(S/Cm)i: Section 3d. db -1
\ . g
(S/CS/L’i' Section be. 1 db -1
E, Inverse "Energy" Ratio = unitless
b. Integrated ( S )
t K+C +C, i
w  B/L
Parameter | Value | Units db Multiply (EIE%’E‘”): doy
Representation | By w 8/L
E, Sec. 5a. unitless -1 .
8
5 ) = av
N+ Cw + Cs /Lt
13
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APPENDIX A

SIMPLIFIED RADAR DATA

A. Signal to Noisc Ratic V8 Protability of Detection

N+C+C Datection

_5__ > Probability of
w' "8/L /4

4 @ 9 %
90
80
50

8 a 99

12db 99

80

50

16 db 95.9
99
90c

Al

oA A MY

Probability of
Felse Alarm

<50
.25
05

»30
.05 !
.02
.01

Wﬁﬂﬁﬁi'{%!mn M st oes
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B. Clutter Reilectivity:

NAFL TR-155%

o, in 4b below one square meter

Ka Band 35 GHz Ku Band 17 GHz
Grazing Angle Grazing Angle
Clutter 1° .3° 1° 3°  10¢ Clutter A7 ,3° 1°  3° Jo°
Seastate 1 43 | 41 | 38 [|Seastate 1 47 | 43 | Lo
3 34 331 3 37 | 30} 32
5 31 302 5 39323126
Desert 22 | |Desert 26
Farm Land 23 | 20 ||Farm Land 23 23
Wooded 13 | 19 [ {Wooded 20 20
City City
X Band 19 Gfiz : C Band 5.0 Gliz
Clutter | OF@Zing Angle | (— Grazing Angle
JA° .3° 1° 3° lO°: JA° .3° 1° 3° 10°
Seastate 1{ 65 | 58 | 50 | 45 4o ilSeastate 1{ 75 | 60 | 53 | 49 | b
3|51 |45 | 3938 32 3156 | 48 | 43 | bo | 3b
5| Wb | 3933|3126 5148 41 {351 33]28
Desert 26 | |Desert
Farmland 30 25 | iFarmland 33 29
Wooded 3C i 23 | |Wooded 35
city 2l | 12 ||city i
)
S Rand 36 GHz L Band 1.25 GHz
Cluter Graziag Angle Ciutter Grazing Angle
JA° ,3° 1° 3° 10° A° 3% 1 3 10°
Seastate 1} 80 | 62 | 56 | 52 Seastate 1 65 1 53 | 5h
3] 68155 48| 431 34 3] 82 5h | 43 1 3k
5/ 53i50(38|35128 5| 65 43 1 38 | 28
Desert 30 | 28 ||Desert ks | 4o
Farmiand 21 |¥Farmland 32 | 33
Wooded 33 | 25 ||Wcoded 3% | 23
City 18 ||City | 30 i 18
i

A-2

MU

PP LRI
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C. ANTENNA CHARACTERISTICS
1. Beamwldth Calculations
a, Azimuth Beamwidth

NAFI TR-15%4

Parameter Value; Unit db Multiply { Add d
Representation By Results
Wavelength cm +1
Antenna Width b -1
Conversion Factor p | 4.3 B
H
Lecibel antenna Beamwidtl, Azdb =
b, Elevation Beamwidth
Parameter value! Unit db Multiply | Add db
Re_gresentatiou By Results
Wavelength ~m +1
Antenna Height £ -1
Converstion Factor}-— —» | +h.3 D
Decibel Antenna Besamwidth, EL. = db

ddb

The antennt t 2mwidths in degrees are the ratio representation of the

decibel antenna beanmwidth,

AZ° =

EL® =

Therefore,

degrees

degrees

2. Antennsa Gein Ceslculetion

Perameter Value; Units db Multiply | Add db
Representution By Results
AZ® deg. -1
FL® deg. -1 '
Convereion Fector -~ e S % VAT 1)
Artenna Gaia, G = db
A-3

Y

Sy
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APPENDIX B
SIMPLIFIED MATHEMATICAL DERIVATION FOR ( - — )
M+C i
w - 8/L
Tme derivetion of the equations used in this report are in NAFI
TR-1461. The decibel equation form used is as given in NAFT TR-917.
The followling derivations are & summary of some of the equations
in these two reports.
L, SINGLE PULSE SIGNAL T0 NOISE RATIO
2 (26 - L - A, - NF }/10
S P\ /
(F) = (—B-I-;z;> op 10 L x 10 (8.1)
where
§ = BSignal Power Watts
N = Noise Power Watts
P = Peak Power, kw
) = Waveleagth, cm
Op = Target RCS, Mz
B = IF Noise Bandwidth, MHz
R = Slsnt Range, NM
G = Antenna Gain, db
L = System Losses,
AR = Rain Losses, db
A = Atmospheric Attenuation, db
WE = Noise Figure, db
B, WEATHER CLUTTER BACKSCATTER
Vl'6 LA -] 2
O’m = 4 AZ uEL R & '325!}9 (MQ)
X [}
B-1
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(?.u.») - (&) %
hef R 1
therefore

(_s_) .z
Co S

1

Therefore, signal to weather clubtter ratio:

y

(_s_> I 3.072
Co A WO Az mo R -

vwhere:
Co = Weather clutter backscatter power, watts
9y = Weather clutter reflective ares, }-52
W = Rain Rate, MM/Hour
AZ° = Antemna azimuth beamwidth, degrees
EL° = Antenna elevation beamwidth, degrees
T = Pulse length, u seconds

C. SEA OR LAND CLUTTER RETURN

AZ° R T ("o/ 10) (2

= ewe———— 2 s

Assume: pulse width limited clutter

Assume: depression angle, E, is less than 10° so Coe £ =1
Therefore,
(0/10)
— o o
9%/1 = AZ" R 7 10 3b27.1 i

{B.2)

s R R R
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NAFI TR-1554
c R
s\ _ Op 2,017 x 107 5.3)
D el = 3 .‘— > A\
Cs/Li  £z° R 7 209/ 50)
where
9 /i = Sea or land clutter ares, 312
oy = Clutter reflectivity, dbb?
E = Depresslion angle, cegrees
CS /L = Sea or land clutter return, watts
8
D. INTEGRATED | ——r RFTIO
] S
— = 10 log [—= + I(in db)
¢
N+Cm+.,S/L s (I‘*‘%*Cs/l.

where: I = Integration Improvement, db
r . 16(1/10}
Tet: IF = Integration Improvement Ratio = 10 , unitless

Derivation: Using Equations (B.1), (B.2) and {B.3), the integrated
8ignal to noise plus weather clutter plus sea or land
clutter ratio may be written as:

S 1
N+C +¢C = T C
w " "S/L N, w, 5L '
S S S
B-3
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N+C % Cs/1, é R
IR (=)
¥ IS ]

- v S/L

The equation as used in this report is:

et

1
= 10 icg
+ C + C s/ /. 1l

DEPRESSION ANGLE APPROXIMATION

)
it

Slant Range, N miles

=
i

Height, 100's feet

= Depression Angle, dcgrees

therefore

h
o—
RN E =

let sin E° = E(Rad )
therefore

. b

“(rea) = Fgpoy (Red)
. h 60°

E(deg) =E =3 60.8 3 zad

therefore

~ _h{100's feet) .
E° Z'—}?‘(rmﬁ.—e?)—) in degrees
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This is an example of usage of the work forms presented in
The calculations are for the performance of a radar

sections A and B.

. RAFI TR-1554

! sprEDIX ¢

WORK FORM USAGE EXAMPLE

which has the following characteristics.

RADAR PARAMETERS

AZ = 2°, EL = 2°, Gain - 38 ab

P: 50 kw

L: 13 db

¥ 10 db

As 3.22 cm (X band)
Rain: 1zm fhour
Antenns:

T 1 usec

B: 1 Mz

PRF: 1000 puises/sec
Scan Rate: 00°/sec

Target RCS: 1000 M

Radar

Height: 6,000 feet
Turget

Helght: 0 feet

Clutter: gea state 35

Dssired Pd: 90% at PFA = 10"‘

C-1
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I II. CALCULATIONS
A. MAXIMUM RANGE ESTIMATION
i 1. Single Pulse
3
a Muiltiply | Add ab
Parsmeter Value | Units Represextation | By Results
| R cRxrwer (50| W | (7db | u |+ 1748
l | gy @ Terget RS |/e00| W 30db +1 +30db
¢ : Antenns Gain| 38 | & - +2 +74d6
i L  : fosses /3 & t -1 -I3J‘)
B : 2andwidth " O &b 2 -odb
? ¥F, : Hoise Figure| /o | @ | ~lodb
‘ (8/%): Signal/Noise| 16 | &s- 1 -16db
i Conversion Factor «30
i !
! b db nautical miles = 8'&4153 = &db
I The maximum range (N miles) is obtained by mltiplying the SUM R decibel
{ by & and expressing this az a ratio:

sinag parsanier

2. Coments

sy

4. Chirp Systems

2T T Y

o Kl sy

b. Antenna Gain

iy

Maximm Range Eztimation = £0___~ B

. (2). Use the narrow, unchirped bandwidth

(1). Use peak transmitter power (as at the antenna)

{1). If aperture only is given, see table in Appendix A.

MR W
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(1). Typical value for seerch radar 16 db, mintmum

RAFI TR-1554

value 10 db.

{2). losses inciuded are:

‘L‘""t‘.’b“dﬁ ot"'al"ut"‘ HH n.l"‘mb‘ ”l" »t" ot"

d. 8ignal to Noise Ratio (S/N). Typical value: 12db, .
This provides a prodbability of detection of about 20 percent with a

false alarm retio of 0001,

Minimm db

collapsing 2
integration 1
gste or filter overlap 0
threshold 1
scan distribution 1l
target (o}
antenna erficiency c
filter matching 1
post detection integration 1
antenna pattern 1
receiving loss h
transmitting 1oss 1
scanning loss o

0 d

for other values see Apperdix A,

Ca3
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e. Noise Figure.

HAFT TR-155k

The following table gives the mininum

poise figures that may be expected from different types of detectors.

Actusl values that may be expected from equipment in the field exceed
these values by ahout 40 percent.

Noise Pigure, db

1Y, AND
BLCKWARD TAY L omommm,
AMPLIFIERS

R B B

W nasens
. £t t1id L1 bb i F
oy 1000 10,000 & 000
Frequency, Miz
f. PRF Limited Range
Parameter Velue ; Units db Multiply| Add db ];
Representation | By Results |
PRF

Conversion Factor

/$ec

pulses /sec 3. 5’45 -1

-31.5
+49.24p

Udb’ Unambiguous Jdecibel range =+£ZZdb
The PRF limited rarge is the ratio representation of the Unambiguous

decitel range, U . Therefore, FPRF Limited Ranze = 40 ™,

Calt
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i : s b
B. CAICULATION OF (n e ) RATI0 P
b 1] S/L i ; |
1. Preliminary Information for ¥ S Calculation '
+C +Cyy ————————
w ¥ V8/L /L ,
’ ; Limitations: Radar height less than 10,000 feet.
¢ Target height less than 10,000 fet.
i Dapression angles less than 10 degrees. .
' i
Slant ranges greater than 3 N miles ;
» |
a. Slant Range, R = _ 4D n niles
3 Redar Height, h = __ £/  (100's feet)
o _ h (120s ft -
Depression angle, 8°, = m)l = .,,.,Z” ,5 degress,
. b. Atmospheric Attenuation, A = __ | (3 b,
3 1 '
| ’ %
v 5 Eii
Taof -
§9 30k =
g' g ;g
ﬁ Bookb g
| <=3 &
o F - 3
x B s SE e et ]
o~ 0 5t A it s e e S D R A T e
10 20 30 L4 50 60 T 8 40 10
Slant Range (N miies)
» i
;
4
; c-5
t
3 !
o
i k|
1
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NAFI TR-1554
¢. Rain Attenuation
, ) } , ,
g db Multiply ! Add db :
1 Parameter velue | Undts| pepresentation By Results §
R : Range Yo | m i6 db A +16 db
W : Rain Rate ! o/ he o db +1 odb
) ¢t Wavelensth | 2.22 | ca 5. db -2 ~10.2 db
SUI"IK = f; f db §
{2)
by Ratio
Parameteri Value | Units Represertation AR
SUNR ;’, 9, db ao g 20 y
i Ag, 2-way Rain Attenuation = éo a db
i
{
i
i
i C~é
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NAFT TR-1554
2. Saleulgtion of (8/N)i
o Biogle Pulse (8/x),
Parometer Value|Units b Muitiply | Add db |
Representation| By Besuits |
B, : Peak Fower sol ™ 17 db| « +17db
A : Vavelength 3.23] o 5.l q’é 42 ';Héoﬁ*
oy : Yarget RCS 1000} v 30 db +1 +350db
G : Antenna Galn 38 o +2 + 26 i’“
L : Joszes ERE -1 -3 b
A : Atmospheric | | ® -1 - ) ok
Attemuation
Ay ¢ Win Attenuation| Q@1 a 1 -3.80b
ﬁo : Boise Pigure 10| @ » -1 -[0-"
B : IF Bandwidth R o Jdb -1 -O0db
R : Mange 40 | ™ 16 db b - 5¥J‘
Fector 3 -30.0d$
@, - ¥ @

», Integration Improvement

WF = __ /&0 yulses/second
AZ° = ot degrees
8CAN RATE QQ degrees,/second

pwber of Hits/Scan, #H = (mr)(az)

/Assuming visual PPI detection)

_.,:3_:3“.. Hits/Scan

c. Integrated (S/N),

{SCAN RATE)
#H, (Kih/S*m) = 5 ] 15 20 a5 30 Lo 50 €0
"I, Integration
- Im l u @ 6 801‘ 906 1.005 1-112 1.1.8 1206 1'302 1\?08
Integration Improvement, I = lz ab

e T
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3. Calculation of ( «éﬁ )

3 ur
i 8 s. Single Pulse (5/C,), ‘
Parameter Value|Units de Multiply Ada db
Representation By Results

f oy : Target KOS |/d00 e 30 Job +1 + 30 db

A : Wavelength |3.22] em Sldb | +20.Y db

i W : Rain Rate | mo/pr O db | -1.6 ~odb

: AZ : AZ Beanwidth| 2 | deg. 3 db -1 -3 olb
) KL : EL Beanwidth| 2 | deg. = db -1 -2 Jdb ,
T : Pulse Length! | | u sec e b -1 -odb ;
R : Range Yo | = 16 db| -2 - 3200 2
. Factor —t + 1,87 a0 |
§ (s/c )= _ 2.5 %

- b. Integration Factor
' Integration Improvement, I, from 2b. = 12. db

] ¢s Pulse Compression Ratio

Pulse Compression Ratio = ' unitless

The Pulse Compression Factor, CR, ie the
decibel representeation of the unitless
Pulse Compression Ratio.
Therefore, Pulse Compression Factor, CR = (2__

Iy
e

{ d. Integrated {(8/c X

KEn
Foptrs b
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k. Calewlate (—C-—E-—>
— % /i

&, Clutter Reflectivity

(1). Depression Angle, 6, from la, = [.5" deg.

i ' Radar Band - __ X

; Clutter Type = S. S, R

Clutter Reflectivity, g , from Clutter values Appendir 4. < 39 m.

(2). Pulse Compression Effect:

-1 1 -

I Farameter Value | Units Multiply Add b
{ 2 -
«y Rf.)ud'_\,u
; d, ¢ Clutter Reflectivity] 39 | +a -1 -39
CR : From Sec. 3a. O |

o*o(EFF), Effective Clutter Reflectivity = "'3? db,

b. Single Pulse (;,-é-—) 1

| “s/L
!
. Paramater Vaiue Units- i db rMultiply Add dh
2 Representation by Results .
cp * Target RCS |[Jooo | 32 0 db +1 +30 db
! T ¢ Pdse Length| | | ,gec Cdb i -0 Jdb
R : Range Yo | m 16 db -1 —146 b
i A2 : AZ Beamwidih| 2 deg., R ofb -1 ~Bolb |
i ao(EFF): ll:‘;‘om Cec | 39| @b - 1 +3?a‘6, .
ii tor i -35.35 db
r Single Pulge (59?./_. N =AYb @
X 5/L

I £-9

wthy
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, . s
¢. Integrated ( o )
g. g/1. 1
S )
{ T )l (from Sec. Wb.) = éﬁ.é db
S/L
I {From Sec. 2b.) = |2 db
S S
(== )=(p>=)  +1= 26.6 &
Cop '+ Oy L
5. Calculate (— +CS T L.
w " TS/L i
a. Calculate "Energy" Ratio
Parameter Value | Units | Multiply Add Ratio
By Representation
(S/N)i: Section 2c. 2‘{.‘/ db -1 -1- Y
(s/c,): Section 3d. |99 B! db -1 00185
(S/CS/L';: Section be. [ 24,4 @ -1 ,00:245
E, Inverse "Energy" Ratio = o O P $ unitiess :
i
2
: b, Integrated (g CS )1 5
; w = S/L g
Parameter | Value | Units db Multiply |G ), @
Represestation By w S/L
E, Sec. Sa. |[,00P4| unitless "‘3[034‘) -1 +a i, 3 db ;
S ;Z 3 %
( ) = + Io db i’g
‘2 N+ CU.) 4 CS/Li f{i
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